Abstract
INTRODUCTION

28
The conversion of renewable biomass into high value-added products has been 29 extensively investigated during the last decades due to the depletion of fossil resources. 1 
30
Lignocellulosic biomass is the most abundant bio-based carbon resource suitable for the 31 production of biofuels and valuable chemicals. well as an economical large scale production. 4 The conversion of model biomass 37 compounds into sugar alcohols has received special attention during the last years. For 38 example, Liao et al. 5 investigated the direct conversion of cellulose to C6 alditols over 39 amorphous zirconium phosphate (ZPA) combined with a ruthenium catalyst. Cellulose 40 was first depolymerized to saccharides over ZPA and then saccharides were hydrogenated 41 to C6 alditols over 5 wt.% Ru/C. A high C6 alditols yield of 86% was obtained at 215 ºC 42 after 1.5 hours. Ennaert et al. 6 examined the transformation of arabinoxylan to pentitols 43 in presence of ruthenium-loaded H-USY zeolites. Arabinoxylans were hydrolyzed into 44 arabinose and xylose over the acidic H-USY zeolite, followed by hydrogenation of sugars 45 over ruthenium active sites. A high pentitols yield (up to 90 mol%) and a low amount of 46 degradation products were achieved at 160 ºC after 5-hour reaction. Works related to the 47 catalytic hydrogenation of pentosane-rich hydrolysates have also been published recently. 48 Baudel et al. 7 studied the production of xylitol from xylose-rich liquid effluents generated 49 by the acid hydrolysis of sugarcane bagasse via catalytic hydrogenation over ruthenium have been studied in the catalytic conversion of sugars into sugars alcohols.
55
Ruthenium is however the most used active metal for sugars hydrogenation reactions 56 since it is more efficient than other metals in terms of activity and selectivity under similar 57 conditions 7 . For instance, Ribeiro et al. 11 investigated the effect of different metals (Rh, 58 Ru, Pt, Pd, Ni) supported on carbon nanotubes in the hydrogenation of corncob xylan to 59 xylitol. Xylitol yield was ca. 40% over Ru/CNT at 205 ºC and 2 hours of reaction.
60
Nevertheless, the yield was ca. 10% over Pt/CNT and only ca. 5% over Rh, Pd and Ni 61 supported on CNT under the same experimental conditions.
62
The chemical conversion of the hemicellulosic fraction of biomass into sugar alcohols
63
(xylitol and arabitol) consists of several steps: i) isolation of the hemicellulosic fraction 64 composed mainly by poly/oligosaccharides, ii) hydrolysis of these poly/oligosaccharides 65 into monosaccharides, namely xylose and arabinose, iii) catalytic hydrogenation of 66 monosaccharides into sugar alcohols, i.e. xylitol and arabitol. 12, 13 A simplified reaction 67 mechanism for sugar alcohols production from biomass with possible side reactions is 68 shown in Figure S1 . 69 We have recently studied the two first steps, i.e. the fractionation of biomass (wheat bran) 70 to isolate the hemicelluloses and their further hydrolysis into monomeric C5 sugars. 14, 15 
71
Since the content of monosaccharides in the hydrolysate is quite low (of ca. 0.8 wt.%), 72 additional concentration and purification stages to obtain sugars-rich hydrolysates must 73 be considered before the hydrogenation process. The mechanism of anionic 88 extraction of sugars can be summarized as follows ( Figure S2 ). 1, 25 A boronic acid and a would reduce the operating costs associated to the concentration of aqueous solutions 101 which has historically been carried out by vacuum evaporation.
102
In order to enable the formation of stable complexes, it is necessary to operate at a pH 103 higher than the pKa of the boronic acid. Taking into account the moderate stability of 104 sugars under alkaline conditions, working at a pH close to neutral conditions is required.
105
Therefore, boronic acids with relatively low pKa should be chosen for the extraction of 106 saccharides. 29 We chose phenylboronic acid (PBA) as a benchmark, and ortho-107 hydroxymethyl phenylboronic acid (HMPBA). PBA has a relatively high pKa (8.8) which 108 is a drawback when operating at neutral conditions to avoid sugars degradation. HMPBA 109 has a quite low pKa (7. 2) due to intramolecular B-O interactions and it can form more 110 stable complexes with sugars under the desired neutral conditions. 29 
111
In this work, the purification of hemicellulosic sugars obtained from wheat bran and the 112 subsequent catalytic hydrogenation into sugar alcohols were studied. In the first step, a 113 combined process for the isolation of sugars using anionic extraction with a boronic acid,
114
followed by back-extraction of sugars with an acidic solution, and further purification by 115 ion exchange resins was investigated. In a second step, these sugars (mainly xylose and 116 arabinose, but also glucose) were hydrogenated over ruthenium catalysts into the 117 corresponding alcohols, mostly xylitol and arabitol, and sorbitol in minor amounts. The 118 deactivation mechanism of the metal catalyst used in hydrogenation of hydrolysates prior 119 to purification was also examined. To our knowledge, this is the first time in which an 120 integration of a purification process of wheat bran hydrolysates followed by a further 121 hydrogenation of sugars was carried out.
122
EXPERIMENTAL SECTION
123
Wheat bran hydrolysates 124 6 Wheat bran hydrolysates were obtained as described in our previous works. 14 
151
Recovery and purification of sugars from wheat bran hydrolysates 152 In this research, the isolation of C5 sugars from a wheat bran hydrolysate using anionic 153 extraction of saccharides, followed by back-extraction and a further purification process 154 by means of ion exchange resins was studied. The extraction is based on a reversible 155 complexation of saccharides with boronic acids. Importantly, this recovery process can 
179
The whole process was carried out at room temperature and using the same volume of After the purification step described in previous section, the catalytic hydrogenation of Table S2 . The extraction and back-extraction yields in the purification process were calculated 217 using the equations S1 and S2, respectively. The conversion of sugars, the yield and 218 selectivity into the corresponding alcohols in the hydrogenation experiments were 219 calculated according to the equations S3-S7. TOC is the value given by Total Organic Carbon (g).
Catalytic hydrogenation of purified sugars
226
Inorganic elements. Wheat bran contains different inorganic elements (namely, Ca, Mg,
227
K and S) which may be dissolved in water during the fractionation step. Inductively probably give rise to a solution rich in pentitols after the final hydrogenation step.
303
The concentration of HMPBA was varied to optimize the extraction of C5 sugars ( Figure   304 2). At a concentration of 0.25 M, the amounts of glucose, xylose and arabinose extracted 305 were 29%, 57% and 60%, respectively. An improvement in the sugars extraction resulting in a higher purity of the sugars. As mentioned before, other minor compounds 332 such as acetic acid, formic acid and 5-HMF were also present in the initial hydrolysate.
333
The concentrations of all of them were so low that it was impossible to quantify them 334 accurately. However, none of these products were identified even in small amounts in the were performed with an UV-spectrophometer after an acid hydrolysis.
34
The maximum 376 absorbance between 240-320 nm is attributed to acid soluble lignin. 35 In all the 377 experiments, the maximum absorbance in the aqueous phase after extraction was 378 remarkably lower than in the initial hydrolysate. However, this absorbance increased 379 again after the back-extraction. These results demonstrate that some ex-lignin compounds
380
were extracted into the organic phase and then part of them were recovered during the 240-320 nm is still representative after the use of these materials.
390
Summary of purification results
391
Figures 3A and B display the composition in terms of carbon of the initial hydrolysate 392 and after the complete purification process. The recovery yield of the different 393 compounds after each step of the process is represented in Figure 3C .
394
After back-extraction, the hydrolysate was diluted 10-fold for a suitable performance of 395 the resins. In order to get the same concentration as before the use of the resins, the 396 purified hydrolysate was lyophilized and pH adjusted at 7.0 prior to hydrogenation 397 experiments. Figure 3B shows the composition of the purified hydrolysate after this The overall recovery yields of each sugar respect to the initial hydrolysate were 53%,
404
79% and 82% for glucose, xylose and arabinose, respectively. Only 16% of the initial 
414
Organic phase recycling 415 The feasibility of the whole process depends not only on the ability to purify sugars but 416 also on the possibility of recycling the organic phase. to purification was undertaken at 100 °C and 10 minutes (Figure 4) . Surprisingly, even 450 with the highest catalyst loading, only a pentitols yield of ~9% was obtained. Sorbitol
451
was not detected even in traces. In addition to this, the conversion of sugars was also 452 negligible, and therefore, alternative reaction routes into other products were discarded. Then, the hydrogenation of the sugars of a purified hydrolysate (composition given in 457 Figure S10 ) was tested. The hydrogenation was successfully performed at 100 °C, after 458 10 minutes and using a catalyst loading corresponding to 0.06 g Ru g C -1
( Figure 5 ).
459
Under these conditions, a high pentitols yield of ~70% was achieved. As expected, the 
474
Not only pore plugging but also coverage of the metal active sites may occur due to these 475 contaminants.
17
To investigate the deactivation mechanism of Ru/H-ZSM-5, different pretreatments to the initial hydrolysate followed by further hydrogenation were carried 477 out. These pretreatments are summarized in Table S7 .
478
We analyzed the composition of the hydrolysate after each pretreatment. which block the active catalyst sites inhibiting the hydrogenation of sugars.
504
CONCLUSIONS
505
A purification process of C5 sugars in hydrolysates from wheat bran followed by the 
515
An attempt to hydrogenate a real wheat bran hydrolysate prior to purification was first 516 carried out but failed even with the highest catalyst loading. However, after purification, 
